Purpose The goal of this RCT was to examine the efficacy and safety of a web-based program to improve cardiovascular and bone health outcomes, among 35 BRCA1/2+ breast cancer survivors who underwent prophylactic oophorectomy and thus experienced premature surgical menopause. Methods A 12-month commercially available web-based lifestyle modification program (Precision Nutrition Coaching) was utilized. Cardiovascular fitness, dietary intake, leisure time activity, body composition, bone mineral density, bone structure, and muscle strength were assessed. Results Average adherence to all program components was 74.8 %. Women in the intervention group maintained their cardiovascular fitness level over the 12 months (1.1 ± 7.9 %), while the control group significantly decreased fitness capacity (−4.0 ± 7.5 %). There was a significant difference between groups in percent change of whole body bone area (−0.8 ± 2.5 control and 0.5 ± 1.30 intervention). We also observed decreased BMI (−4.7 ± 6.2 %) and fat mass (−8.6 ± 12.7 %) in the intervention group due to significant concomitant decreases in caloric intake and increases in caloric expenditure. The control group demonstrated decreased caloric intake and decreased lean tissue mass. Conclusions In this population at high risk for detrimental cardiovascular and bone outcomes, a commercially available lifestyle intervention program mitigated a decline in cardiovascular health, improved bone health, and decreased weight through fat loss. Implications for cancer survivors Precision Nutrition Coaching has shown benefit in breast cancer survivors for reduced risk of deleterious cardiovascular and bone outcomes.
Introduction
Breast cancer patients often present at diagnosis with comorbidities and risk factors for cardiovascular disease (CVD). The direct effect of cancer treatment, such as cardiotoxic chemotherapies, immunotherapies, and radiation, paired with indirect effects such as aging, deconditioning, and sedentary lifestyle, as well as weight gain, all combine to decrease cardiovascular reserve. These direct and indirect effects are components of what has been called the Bmultiple hit hypothesis [ 1] . The effects of aging, comorbid conditions, and cardiotoxic treatments combine to contribute to the 50 % increased risk of CVD seen in breast cancer survivors and the trend for CVD to be the leading cause of death in breast cancer survivors 9 years following diagnosis [2, 3] .
Women with BRCA1 or BRCA2 mutations account for 5-10 % of all breast cancers and 15 % of all ovarian cancers [4, 5] . The loss of BRCA function results in impaired ability to repair DNA double strand breaks and predisposes BRCA1/2+ women for malignancies. However, loss of BRCA function is not only linked to cancer. After breast cancer treatment, BRCA1/2+ women face a twofold increase in risk of diabetes compared to non-BRCA1/2+ breast cancer survivors [6] . BRCA1 or BRCA2 mutation carriers also have an elevated risk of overall mortality compared to noncarriers which is beyond the increased risk for cancers such as breast, ovarian, prostate, pancreatic, and melanoma [7] .
The risk for CVD, as well as osteoporosis, in BRCA1/2+ breast cancer survivors is further complicated in that BRCA mutation carriers often turn to preventative surgery to decrease their enhanced risk for ovarian cancer (39 % elevated risk in BRCA1 and 11-17 % in BRCA2) [8, 9] . Risk-reducing salpingo-oophorectomy (RRSO) in women who carry BRCA1 or BRCA2 gene mutations is associated with 50 to 80 % reductions in the risk of breast cancer and ovarian cancer, respectively [10] [11] [12] . Given the substantive elevated lifetime cancer risk in BRCA1/2 mutation carriers, this is a reasonable and advisable course of action. However, it is not without consequence, particularly among women who undergo RRSO before the age of 45 and without hormone replacement therapy (HRT) [13] [14] [15] . The precipitous loss of ovarian hormones due to RRSO may pose particular risks for longterm CVD and bone health in younger women. As such, interventions to improve these outcomes are worth pursuing.
Aerobic exercise training is well established to improve cardiorespiratory fitness [16] . Cardiorespiratory fitness is highly predictive of overall and cardiovascular-specific mortality in women [17, 18] . More specifically, after adjusting for age, coronary disease risk factors, and the Charlson index, a 1 MET increase of workload on a treadmill exercise test has been associated with a 23 % reduction in risk for cardiac events [19] . Weight loss also improves cardiovascular outcomes among breast cancer survivors, as measured by changes in blood levels of glucose, insulin, cholesterol, and lipids [20] . However, weight loss can result in bone loss due to the decrease in weight-bearing load [21] . Fortunately, both aerobic and resistance exercise training has been shown to protect bone mass from weight loss-related decreases [22, 23] .
Therefore, a randomized controlled lifestyle modification trial was conducted for breast cancer survivors who were BRCA1 or BRCA2 mutation carriers, had undergone RRSO by age 45, had not taken HRT for 2 years, and who were, as a result, at increased risk for negative long-term cardiovascular and bone health outcomes. The intervention was a commercially available web-based weight loss program called Precision Nutrition Coaching, from Precision Nutrition Inc. The 12-month intervention included multiple elements previously shown to be efficacious for improving cardiovascular and metabolic outcomes in women who have experienced natural menopause. The impact of these interventions, in this population, packaged as a commercially available lifestyle modification program, was unknown as weight loss may exacerbate bone loss. The primary outcome was maximal cardiovascular fitness, an established surrogate for cardiovascular morbidity and mortality. This was an innovative use of a web-based behavioral intervention for the primary prevention of CVD and osteoporosis in an understudied, high-risk group of cancer survivors.
Methods

Study design
The trial was coined Project Heart disease Osteoporosis Prevention and Efficacy (HOPE). It was a phase II, twoarmed, randomized controlled trial. Participant recruitment took place over 12 weeks between October and December 2013 and the study commenced in January 2014. Interested participants were screened via telephone. All testing was completed at the University of Pennsylvania and took place at two time points: pre-randomization (baseline) and after the 12-month intervention (follow-up). Participants randomized to the intervention group took part in Precision Nutrition's Lean Eating for Women Program for 12 months. Participants randomized to the control group were waitlisted and enrolled in the program following study activities. To ensure equal representation across BMI and age categories, participants were randomized by the study biostatistician within one of four strata using a random sequence assignment: 1-BMI < 30, age 18-35; 2-BMI ≥ 30, age 18-35; 3-BMI < 30, age 36-55; and 4-BMI ≥ 30, age 36-55. Allocation was concealed prior to assignment.
Study population and recruitment
BRCA1/2+ breast cancer survivors, aged 18-55, who underwent prophylactic oophorectomy two or more years prior to study initiation, were age ≤45 at date of oophorectomy, completed breast cancer treatment at least 4 months prior to study initiation, did not use hormone replacement therapy for 2 years prior to study initiation, received physician clearance to participate in the weight loss and exercise program, were weight stable over the past year (e.g., no changes greater than 10 % in the past 12 months), and had a BMI ≥23 kg/m 2 were recruited. Other eligibility criteria included being cancer free, having access to the internet and a computer, and having access to basic fitness equipment (dumbbells, resistance bands) or willingness to join a fitness facility. Women were identified through the WISER Sister trial screening database [24] , the Basser Center for BRCA patient databases, and, as with our prior work recruiting high-risk women, emails sent out through the national advocacy organization called Facing Our Risk Of Cancer Empowered (BFORCE^). This study was approved by the Human Subjects Review Committee at the University of Pennsylvania and informed consent was obtained from all subjects in writing prior to beginning study activities. All procedures performed in studies involving human participants were in accordance with the ethical standards of the University of Pennsylvania and with the 1964 Helsinki Declaration and its later amendments or comparable ethical standards.
Intervention
The intervention included three daily activities: workoutcompleting relative and progressive strength-training and aerobic exercises (described in print and demonstrated by online video) at home or at a local fitness facility; habit-completing a nutritional/lifestyle habit (new habits followed every 2 weeks, Table 1 ); and lesson-reading lessons on health, nutrition, fitness, or behavior change. All participants were assigned to a level 1 Precision Nutrition-trained female coach whom was also additionally trained in motivational interviewing and certified through the National Academy of Sports Medicine. The role of the Precision Nutrition coach is to support and guide the participant by building an individualized relationship. Participants can request preset accountability calls or reach out to the coach as needed. Further, contacts are made over the online program platform, by email, phone, or video conference call. These interactions are not standardized but tailored to the needs of the participant. Further, the exercise program was customized to women based on the equipment they had available to them (at home or at the gym) and their exercise capabilities (previous or new injuries were taken into account).
Women completed the program at home or at a local gym and recorded online whether they completed each of the three activities daily. The web-based program incorporates suggestions from literature, social cognitive theory, and elements from prior successful clinic and internet-based interventions, including tailored feedback, physical activity logging, goal setting [25] , more than five participant contacts [26] , and peer support [27] . The exercise component required 160 min/week of exercise (3 days/week of progressive resistance exercise, 2 days/week of interval aerobic exercise, and 1 day/week of active recovery aerobic exercise). Control group participants were not prohibited from exercise or eating a healthy diet, as it would be unethical to do so. Prior research by our team has indicated that allowing for such health behavior changes but not supporting participants in these changes results in no substantial physiologic changes over 12 months or more [28, 29] . The intervention group paid $10 per month for the program and women were reimbursed ($120) at the end of the 12 months if they were 80 % adherent to the program. Additionally, both the intervention and control groups were contacted bi-weekly via email by study staff to document any physical activity-related injuries.
Adherence
An overall adherence score was calculated by averaging the percentage of time each of the three activities was completed over the 12-month intervention. Adherence to habit formation was calculated by dividing the number of days the participant was asked to perform a habit (350 days in the program) by the number of days the participant said Byes I did my habit.Â dherence to lesson reading was calculated by dividing the number of days the participant was asked to read a lesson (350 days in the program) by the number of days the participant said Byes I read my lesson.^Adherence to the exercise program was calculated by dividing the number of days the participant was assigned a workout (300 days in the program) by the number of days the participant said Byes I did my workout.M easurements Measurement staff was trained to conduct all assessments in a standardized fashion, at the University of Pennsylvania. Cardiovascular fitness level was determined using the modified Bruce protocol [30] . This protocol increases speed and incline in regular 3-min intervals. Total time on the treadmill before volitional fatigue is representative of fitness capacity. Heart rate was measured using 12-lead ECG monitoring, and blood pressure was measured following JNC IIIV guidelines [31] . Dietary intake was measured through self-reported logging on 3-day dietary records and analyzed using Nutrition Data Systems for Research v2014 (University of Minnesota, MN). Anthropometric measures were assessed via digital scale and wall-mounted stadiometer (Scale-tronix 5005 stand-on digital scale, Scale-tronix, White Plains, NY) for weight and height, respectively. Demographic characteristics (age, race, ethnicity, and education) as well as cancer treatment modalities were self-reported at baseline. Leisure time physical activity was assessed using the intervieweradministered Modifiable Activity Questionnaire [32] . Lymphedema was assessed by inter-limb arm volume difference as measured by perometry (Optoelectronic Perometer®, Juzo USA, Cuyahoga Falls, OH) and the Norman Lymphedema Survey [33, 34] . Dual-energy x-ray absorptiometry (DXA) (Hologic, Bedford MA) was used to measure body composition and whole body bone area, content, and density (including head). All scans were analyzed by APEX v13.3. Body composition z scores were calculated for fat mass index (fat mass (kg) / height (m) 2 ) and lean body mass index (lean mass (kg) / height (m)
2 ) using NHANES data. Cortical volumetric bone was assessed in the left tibia by peripheral quantitative CT (pQCT; Stratec XCT2000 12-detector unit, Orthometrix, Inc.) with a voxel size of 0.4 mm, slice thickness of 2.3 mm, and scan speed of 25 mm/s. All scans were analyzed with the Stratec software version 6.00. A scout view was obtained to place the reference line at the proximal border of the distal endplate. Cortical bone measurements were obtained at 38 % of tibia length proximal to the reference line. At the 38 % diaphyseal site, scans were analyzed for cortical volumetric BMD (mg/cm 3 ), cortical area (cm 2 ), and periosteal and endosteal circumference (mm). Quality control was monitored daily using a phantom. The in vivo coefficient of variation (CV) ranged from 0.5 to 1.6 % for pQCT outcomes.
Muscle strength testing was performed to determine onerepetition maximum (1 RM) values for lower body strength using a leg press machine, and upper body strength was assessed by a bench press using a flat bench and Olympic bar. All metrics were completed at baseline and follow-up.
Statistical analysis
The study was powered to detect a 12.5 % net increase in cardiopulmonary fitness, the primary outcome variable. Data was assessed for normality using the Shapiro-Wilk test. Normally distributed variables were examined using Student's T test to test for differences between control and intervention groups at baseline. A paired T test was used to assess changes within group. Percent change of variables was calculated, and between-group differences were assessed using Student's T test. Nonparametric data was only observed for the following variables: percent change of caloric intake, percent change of caloric expenditure, percent change of whole body bone area, percent change of periosteal circumference, and percent change of endosteal circumference. These variables were examined using the Wilcoxon ranksum test. Statistical analyses were conducted using STATA version 12 (Stata Corp., College Station, TX), and statistical significance was set at an alpha level of p < 0.05. Figure 1 presents the flow of participants through the study. Two hundred and fifty-four women responded to advertisements and physician letters. One hundred and eighty-eight women were screened. One hundred and thirty-three women did not meet the full inclusion criteria. Common reasons for not progressing to consent included loss of interest and other known obligations that would inhibit participation. Three women were lost to follow-up and did not return for final Table 2 presents demographics and breast cancer treatment of the cohort. The cohort was middle-aged (46.1 ± 4.0 years of age), white, and well-educated. The intervention group demonstrated an average of 74.8 ± 30.0 % adherence to the program. This can be compared to the rate of 68 % overall adherence to the program among individuals in the general public who had paid to participate in Precision Nutrition as a commercially available program. These individuals were not a part of the study. Sixty-two percent of the intervention group maintained at least 80 % adherence to the workout component of the program, 75 % of the intervention group maintained at least 80 % adherence to the habit component of the program, and 68 % of the intervention group maintained at least 80 % adherence to the reading component of the program. No differences in reported major medical issues (control = 25 %, intervention = 25 %), musculoskeletal injuries (joint pain: control = 25 %, intervention = 31.25 %; soft tissue injury: control = 37.5 %, intervention = 25 %), or side effects caused by physical activity (headaches: control = 0 %, intervention = 0 %; nausea: control = 0 %, intervention = 6.25 %; dizziness: control = 12.5 %, intervention = 12.5 %; abdominal pain: control = 0 %, intervention = 0 %) between groups were observed. Additionally, there were no differences in the onset of, or progression of, lymphedema between groups (data not shown).
Results
Participant characteristics
Body composition and cardiovascular fitness
As anticipated with randomization, no statistically significant between-group differences were observed at baseline for caloric intake, daily caloric expenditure, self-reported physical activity, BMI, or body composition (Table 3) . At the 12-month follow-up visit, we observed that both the control and intervention groups reported a decrease in their caloric intake relative to their baseline caloric intake levels (P = 0.03 control, P = 0.0004 intervention). However, only the intervention group demonstrated a significant decrease in BMI (P = 0.007), weight (P = 0.007), fat mass (P = 0.02), and percent body fat (P = 0.04) compared to baseline. There was a significant between group difference for daily caloric expenditure with the intervention group increasing physical activity more by the end of the intervention period (P = 0.04). While the intervention group decreased fat mass and percent body fat compared to a year earlier, the control group lost lean body mass compared to a year earlier (P = 0.02). These differences remained when body composition indexes were calculated as population adjusted z scores (a trend, P = 0.07, also remained for between group differences in fat mass and percent body fat).
Cardiovascular fitness declined in the control group over 1 year (−4.0 ± 7.7 %, P = 0.04) compared to baseline values while the intervention group maintained cardiovascular fitness Values are presented as mean ± SD levels (1.1 ± 8.1 %) (Fig. 2) . We did not observe any differences at baseline or at follow-up for heart rate recovery following the test or resting systolic or diastolic blood pressure (data not shown). Average blood pressure for the cohort at baseline was SBP = 114.2 ± 13.5 and DBP = 74.0 ± 10.9 a n d at fo l l o w -u p w a s SB P = 111 . 9 ± 10 . 9 a n d DBP = 75.2 ± 11.9.
Muscle strength and bone quality
At baseline, the intervention group displayed greater upper body strength as measured by bench press (P = 0.02) ( Table 4) . Twelve months later, the intervention group bench pressed, on average, 6.6 more pounds (P = 0.06) while the control group bench pressed, on average, 3.7 lb more. The intervention group demonstrated enhanced whole body bone area (P = 0.04) compared to the control group that lost whole body bone area. Cortical bone density increased in the intervention group compared to the control group (P = 0.02). Bone modeling was also observed in the control group, as both endosteal circumference and periosteal circumference increased (P = 0.01 and 0.04, respectively). However, the intervention group did demonstrate greater periosteal circumference at baseline (P = 0.04).
Discussion
A commercially available lifestyle modification program improved the body composition and bone health of the intervention group while preventing significant decline in cardiovascular fitness capacity over 1 year. This population of women is at high risk for cardiovascular and osteoporotic complications related to their RRSO and BRCA1/2 mutation status. The Precision Nutrition program resulted in significant fat loss and preservation of lean body tissue in the intervention group compared to baseline levels. Further, as bone loss has been associated with weight loss, it was unknown if this could be prevented given the unique biology of this high-risk population. There was an improvement in bone health for the intervention group as indicated by a critical increase in whole body bone area, cortical bone density, and the absence of periosteal and endosteal circumference modeling observed in the control group. Lastly, a clinically significant 4.0 % decrease in fitness capacity over 12 months in the control group was noted. The Lean mass index (z score) 0.7 ± 0.9 0.5 ± 0.9 * -85.8 ± 226.4 0.7 ± 0.9 0.5 ± 0.9 −32.9 ± 103.7
Fat tissue (lbs) 64.9 ± 20. Values are presented as mean ± SD BMI body mass index * P < 0.05 within group, ** P < 0.05 between groups Fig. 2 Aerobic fitness capacity. Total time on the treadmill during a modified Bruce protocol is presented at baseline and at 12-month follow-up for the control (n = 16) and intervention (n = 16) groups. The control group demonstrated a significant decrease in aerobic fitness between baseline and follow-up ( a P < 0.05), and there was a trend (P = 0.07) for differences between groups in the percent change of aerobic capacity; values are presented as mean ± SEM Precision Nutrition program was able to prevent this decrement in the intervention group compared to baseline levels.
BRCA1 and BRCA2 proteins have important roles in DNA damage repair and genomic stability. DNA damage occurs from exogenous and endogenous sources. Endogenous sources of DNA damage include replication errors and free radical species. Exercise training has consistently been associated with increased antioxidant capacity in many tissues including the heart and skeletal muscle [35, 36] . Decreased levels of reactive oxygen species through elevated antioxidant capacity may be one mechanism by which the Precision Nutrition program prevented a decline in fitness capacity in BRCA1/2+ women. Of further importance to this population, enhanced physical activity has also been previously reported to improve DNA repair capacity [37] .
An exogenous source of DNA damage is Adriamycin, a cardiotoxic chemotherapy that 83 % of the women in our study received during their breast cancer treatment. Left side chest radiation is another source of exogenous DNA damage and is associated with cardiotoxicity. Twenty-nine percent of women in Project HOPE also received left side radiation as part of their breast cancer treatment. The combined effects of cardiotoxic breast cancer treatment and primary aging in BRCA1/2+ women may be responsible for the above normal decline in yearly fitness capacity seen in the control group [38, 39] . Fleg et al. report that between 40 and 50 years of age, the average percent change in peak VO 2 for females over this decade is −10.9 % [40] . An average percent change of −4.0 % (peak time on treadmill) in 1 year for BRCA1/2 mutation carriers in the control group was observed in this study.
Not only do BRCA1/2+ breast cancer survivors appear to have accelerated decline in fitness capacity, but they also have other complications associated with risk reduction procedures such as RRSO. Surgically induced menopause without subsequent hormone replacement therapy has been shown to increase cardiovascular mortality [41] , and early menopause is an important predictor of osteopenia, osteoporosis, and fractures [42, 43] . However, multipurpose exercise programs have shown long-term efficacy (16 years post intervention) in mitigating age-related declines in bone mineral density compared to the control group [44] . Significant differences in bone density, specific to cortical bone, with the control group losing bone density and the intervention group increasing bone density were noted. The increase seen in the intervention group (0.3 %) is below what has been observed in other postmenopausal women (0.9 %) [45] . Further, the control group not only lost bone density but also whole body bone area and demonstrated cortical drift as resorption increased on the endosteal surface, while bone was deposited on the periosteal surface.
The maintenance of bone health in the intervention group is important as weight loss can cause bone loss due to decreased mechanical loading stress. A decrease in both BMI and fat tissue mass, as well as caloric intake, from baseline to follow-up in the intervention group was observed. Additionally, the intervention group had a significant increase in caloric expenditure compared to the control group. These changes reflect the benefits of a tailored lifestyle modification program. Precision Nutrition is designed to engage women with educational readings and the tools to implement health behaviors into individual circumstances. Further, it utilizes Values are presented as mean ± SD BMC bone mineral content, BMD bone mineral density, circ. circumference * P < 0.05 within group, ** P < 0.05 between groups relative and progressive exercise training goals to apply basic exercise physiology principles such as overload, adaptation, individuality, and specificity. The 4.6 % weight loss we observed in this 12-month online program is comparable to the 6.0 % weight loss the ENERGY Trial observed at 12 months following weekly, then monthly, group dietary and physical activity guidance sessions [46] . A weight loss of 5 % or more is believed to be clinically meaningful by the United States Preventative Services Taskforce, though most weight loss intervention studies in breast cancer survivors achieve over 5 % from baseline [47, 48] . Project HOPE has demonstrated both effectiveness and clinical utility in a high-risk population of breast cancer patients. Many breast cancer survivors seek guidance on weight management and risk mitigation for cancer recurrence and other chronic diseases. The improvements observed in this trial indicate that a commercially available lifestyle modification program may be a viable option in survivorship care plans. Despite awareness regarding the need for survivorship programming, there is a lack of movement at the individual level for scalable programs to address many health concerns reported by breast cancer survivors.
Above average adherence to the Precision Nutrition program (74.8 %) compared to women whom enrolled with Precision Nutrition on their own (68.0 %) was noted. This could be due to the inclusion criteria which yielded a study sample that was white, non-Hispanic, and college-educated. Because our population did not include minorities or persons of lower education status, there are limits to the generalizability of this study given the homogenous study population. Further, in order to complete the Precision Nutrition program, participants needed to have regular access to the internet. The intervention is also intensive for the commitment to interact within the online portal daily for check-ins and readings. Thus, due to the known study requirements of consistent internet access and the time burden of the study, our recruitment was biased for individuals with higher socioeconomic status.
An interesting potential limitation of the study is the packaged nature of the Precision Nutrition program. The program utilized evidence-based approaches to lifestyle modification such as motivational coaching, self-education, multiple contacts, etc. However, this also makes it difficult to un-package what component(s) were most influential in behavior change that led to the differences seen between groups. A logical next step would be to extend this trial into a multisite setting to address some of the limitations of this study such as (1) examining clinical utility in a more generalizable population and (2) utilizing an attention control experimental group.
Overall, in the Project HOPE trial, a commercially available lifestyle intervention program was safe and efficacious in inducing weight loss from fat, improving bone health, and preventing decline in cardiovascular fitness. The population was uniquely at risk for cardiovascular and bone health issues due to BRCA1/2 mutation status, RRSO, and cardiotoxic treatment for breast cancer. The Precision Nutrition program delivers clinically significant results and scalability will be tested in future multisite studies.
